This paper analyzes the role of the energy transformation index and of final energy consumption per GDP unit in the disparities in energy intensity across countries. In that vein, we use a Theil decomposition approach to analyze global primary energy intensity inequality as well as inequality across different regions of the world and inequality within these regions. The paper first demonstrates the pre-eminence of divergence in final energy consumption per GDP unit in explaining global primary energy intensity inequality and its evolution during the 1971-2006 period. Secondly, it shows the lower (albeit non negligible) impact of the transformation index in global primary energy inequality. Thirdly, the relevance of regions as unit of analysis in studying crosscountry energy intensity inequality and their explanatory factors is highlighted.
Introduction
Energy consumption and CO 2 emissions per capita differ largely across countries and regions around the world. Consequently, people between countries and regions contribute at different degrees to the intensity of the greenhouse effect. Several studies have analyzed such differences using distributive analysis tools and have drawn energy and climatic policy implications (see among others, Heil and Wodon, 1997, 2000; Millimet and Slottje, 2002; Hedenus and Azar, 2005; Padilla and Serrano, 2006; Duro and Padilla, 2006, 2008; Padilla, 2010a, 2010b; Groot, 2010) .
One of the most commonly used tools to analyze the driving forces of emissions and their evolution is the so-called Kaya identity (Kaya, 1989; Yamaji et al., 1991; Alcántara and Padilla, 2005) . According to the Kaya identity, the factors explaining the evolution of per capita emissions are the carbon intensity of energy, the energy intensity of GDP, and the affluence, which is usually measured in terms of GDP per capita. In a previous article in this journal, Duro and Padilla (2006) used a Theil index decomposition that allows decomposing inequality into different Kaya factors and two interaction terms to analyze the determinants of cross-country inequality in CO 2 emissions per capita between 1971 and 1999. The authors highlighted the greater importance (although decreasing over time) of income inequality in explaining differences in emissions per capita. Nevertheless, they also highlighted the importance of carbonization index inequalities and energy intensities in globally reducing inequality in per capita emissions. As regards energy intensities, the authors point to the existence of considerable divergence worldwide. However, due to the reduction of energy intensity in some developing countries such divergence has been reduced. Another finding from these authors is the relevance of convergence in energy intensities in reducing CO 2 inequality in the Temperate zone group of countries, which is basically composed of rich countries. Sun (2002) and Alcántara and Duro (2004) also show a downtrend in energy intensity inequality among the OECD countries. Sun (2002) uses mean deviation as a dispersion measure to analyze this inequality. Alcántara and Duro (2004) analyze this inequality by means of the Theil index. In a recent paper, Duro et al. (2010) use a Theil index decomposition which allows the inequality in energy consumption per capita to be decomposed into explanatory factors. They demonstrate that, although differences in affluence are the most significant factor in explaining inequality in energy consumption per capita, the reduction of the inequality in energy intensity levels plays a prominent role in reducing the inequality in energy consumption per capita between 1980 and 2006 among OECD countries.
The reduction in differences in primary energy intensity found in the cited studies may have various causes. It may stem from a more efficient way of transforming primary energy into final energy. Or, it may in contrast be the consequence of convergence in final energy use per GDP unit among countries 1 . That is, such a decline may be attributable to changes in the energy sector or to changes in final energy consumption in the economy. 2 Determining the relative importance of both factors is useful both for analytical purposes and the formulation of policy recommendations. Accordingly, a significant weight of the energy transformation index would suggest a large scope for improvement in countries not efficient in transforming energy. In that vein, energy policies could successfully reduce energy intensity inequalities by converging to greater efficiency levels in energy transformation -either improving the efficiency of energy conversion processes or changing the energy mix. In contrast, a significant weight of the final energy intensity component, would suggest that measures implemented to achieve greater efficiency in final energy 1 This second component can in turn be due to two different factors. It could be caused by energy consumption efficiency convergence among countries, or may be due to convergence in production composition. Duro et al. (2010) develop a shift-share methodology to analyze these factors for 16 OECD countries. They conclude that the convergence in final energy consumption per GDP unit could be attributed to a convergence in the efficiency in the use of final energy across countries. Meanwhile, the difference in production composition could have increased without offsetting the first effect. Miketa and Mulder (2005) run an econometric analysis of the final energy productivity convergence across 56 countries in 10 manufacturing sectors. They found that the differences in the final energy intensity levels of these sectors diminished across some countries. 2 The importance of taking into account conversion-efficiency was showed by Hamilton and Turton (2002) who employed a decomposition formula that separated out the effects on emissions growth of changes in population, economic growth, energy intensity, energy transformation index, share of fossil fuels and carbon intensity of fossil fuels. They found that changes in energy transformation contributed to increase emissions in OECD countries over the period 1982-1997. consumption (from a better use of the different sectors) or to convergence toward sectors that use less energy would be the best ways to reduce differences in energy intensities and lower energy consumption per GDP unit.
This paper complements the literature and makes an original contribution intending to discern the weight of differences within the energy sector and those relative to final energy intensity in determining the differences in energy intensities internationally and its evolution. In that respect, we use the Theil inequality index as the synthetic benchmark index since it allows decomposition by parts. Two types of decompositions will be done: the multiplicative decomposition pioneered by Duro (2003) and implemented in the energy analysis in Duro and Padilla (2006) , and group decomposition (Shorrocks, 1980 
Methodology
Assessing the role the energy transformation index and final energy consumption per GDP unit have played in the evolution of energy intensity inequalities starts first from a simple bifactorial breakdown of energy intensity in the following way:
where PE it is primary energy consumption of country i in period t, FE it is final energy consumption, GDP it is the gross domestic product. Then, e it is energy intensity, f it is the transformation index, which measures the efficiency of the energy sector in transforming energy 3 , while w it captures the final energy consumption per GDP unit (final energy intensity index).
Secondly, to clarify the role of both factors in explaining energy intensity inequalities across countries, we define two hypothetical vectors of primary energy consumption per GDP unit and we let just one of the values of the factors included in (2) diverge from the mean. Accordingly, we obtain the following fictitious factors 4 :
where f t y w t are world averages of the factor being considered.
Resorting to Duro's (2003) methodology and Duro and Padilla (2006) , using the Theil index (Theil, 1967) 5 as the benchmark inequality index allows a synthetic decomposition of global energy intensity inequalities into three factors:
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where σ is the covariance (weighted) between the two factors and f t e is the world average of the first fictitious factor; e is the energy intensity and p the weight in global GDP.
Thus, total inequality is perfectly decomposed into two indices that capture the partial contribution of each multiplicative factor accounted for in global inequality (T f captures the contribution of energy transformation index and T w the contribution of final energy intensity index), and an interaction term representing the interfactorial correlation (inter f,w ) 6 . A positive value of this last component would suggest that countries that are not efficient in energy transformation would also tend to be inefficient in energy use. So, the two inequalities would be self-reinforcing. In turn, a negative value would mean that less efficient countries in energy transformation tend to be more inefficient in final energy consumption.
It should be noted that, as the factors have been formulated in equations (3) and (4), the importance of each factor in the decomposition exercise can be seen as the variation across countries of the factor under analysis, while the remaining factors are set equal to mean.
On the other hand, this factorial decomposition methodology can be extended to subgroup components of inequality. That is, the previous multiplicative factorial decomposition can be combined with subgroup decomposition. This would divide global inequality into an element of inter-group inequality and another of intra-group inequality. The well known Theil index can be easiliy decomposed into population subgroup. We adapt it here for the study of inequalities in energy intensity across countries (Theil, 1967; Shorrocks, 1980) ( ) ( )
T(e,p) = T within + T between (8) 6 Mind that if in addition f t e w , f σ is sufficiently small, the decomposition could be approached as:
Where p g is the weight of group g in global GDP; T g denotes energy intensity inequality within group g; e g represents group g energy intensity; ē is the world average energy intensity.
The first term -the intra-group component (T within )-is a weighted average of intra-groups Theil indexes. Therefore, a multiplicative decomposition is straightforward according to (5). The second term -the inter-group component (T between )-is simply a Theil index evaluating differences among groups. So, the previous multiplicative bifactorial decomposition of equation (5) is also straightforward. Therefore, for the regional analysis we will first apply a decomposition according to equation (6) and at a second stage a decomposition on the basis of equation (5) for each of the inequality components obtained in the first stage.
Empirical findings
The data used for the analysis are the energy balances from the International Energy Agency (IEA, 2009a (IEA, , 2009b . The selected sample includes 116 countries and basically covers the entire world GDP and primary and final energy. For consistency reason, over the entire period we group the countries of the former USSR and also those of the former Yugoslavia. For the countries considered in the analysis per group (whose results are contained in The results reveal a clear reduction in cross country primary energy intensity inequality. This is in line with findings from previous studies (Duro and Padilla, 2006;  or for the specific case of the OECD countries: Sun, 2002; Alcántara and Duro, 2004; Duro et al., 2010) . For the period of analysis, a more than fifty per cent decline in energy intensity differences is observed. According to IEA data, global primary energy intensity level decreases by 25.5% over this period.
Therefore, the reduction of energy intensity inequality means convergence to lower values. The interaction coefficient indicates a negative correlation of the two components considered. Its contribution is not very important, particularly at the end of the period. In any case, it reveals that countries that are less efficient in energy transformation also tend to be the ones that consume less final energy per GDP unit. That is, global inequalities would tend to compensate one another. This explains why for some years differences in final energy consumption per GDP unit are greater than differences in energy intensity.
The evolution of final energy intensity inequalities also explains the observed changes in energy intensity inequalities during the period. Policy wise, there is a lot a ground to cover to bring energy intensity down to the low values.
Implementing measures that encourage a more efficient use of final energy in less efficient countries could bring down the inequality in energy intensity 7 . On the other hand, although there exist differences in energy transformation efficiency across countries, they are of lower magnitude. However, these results could be concealing different patterns among the different regions of the world, which could distort the previous interpretations. In that vein, we extended the previous decomposition to group components when accounting for the nine groups of countries defined by the IAE. Table 3 below gives the results for inequality among the different countries considered. 7 However, the impact of these measures on global energy intensity inequality could be limited if there were an increasing sector specialization of countries. Duro et al. (2010) found that sector specialization becomes increasingly important in explaining the inequality of energy intensity.
Source: Authors' own calculations based on the IEA (2009a IEA ( , 2009b . The percentages in the first column show the weight of inter-group inequality in global inequality, while in the remaining columns the weight of the different components in inter-group inequality is given.
From the above it is evident that inter-group inequality is more important than intra-group inequality for the world regions considered. The weight of the former varies between 60 and 70%, being at around 60% at the beginning and at the end of the period (first column of Table 3 ). This high weight of the inter-group component suggests that the group classification operated -according to economic and geographic criteria-happens to be quite relevant in explaining existing differences among countries 8 .
Again 2009a, 2009b) . The percentages in the first column show the weight of intra-group inequality in global inequality, while in the remaining columns the weight of the different components in intra-group inequality is given.
As to the intra-group inequality component, this varies between 30 and 40%, being approximately 40% at the end of the period (first column of Table 4 ). This component also experiences a huge decrease, which helps to explain the global decline, and reduces at less than 50% its contribution to inequality.
The most relevant component is again final energy consumption per GDP unit (T w ). In fact, inequalities in this factor are even greater than in global inequalities in energy intensity. However, in this case the importance of the differences in transformation indices is greater than for inter-group inequalities. This component (T f ) represents up to a 15.2% of intra-group inequality at the end of the period. Two thirds of the total differences in transformation indexes occur within the regions considered. That is, the greater contribution to global differences in energy transformation efficiency occurs particularly within the relatively homogenous groups of countries taken into account.
The interaction factor plays a very important role in intra-group global inequalities of energy intensity, particularly at the end of the period. The negative sign on this factor suggests that countries that are more efficient in energy transformation are most likely the more intensive ones in final energy consumption, and this tends to offset inequalities. A common feature to all the regions is the pre-eminence of differences in final energy consumption intensity as determinants of the differences in energy intensity. This occurs despite the significant differences in the contribution of this factor observed among the groups of countries analyzed -from 71.8% in the case of OECD Europe to 189.7% in North America. Across the board, the evolution of the differences in final energy consumption per GDP unit is what determines the evolution of energy intensity inequalities. That is, the observed increases or declines in inequalities in final energy consumption per GDP unit predominate the evolution of the remaining factors that determine the energy intensity inequality tendency.
The factor that captures the weight of the differences in the transformation index, which represents almost 8% of the explained global differences (see the interaction factor has been increased throughout the period. This largely compensates the inequalities in final energy consumption in both cases.
Conclusions
As shown by previous studies, energy intensity inequality is a determining factor in the unequal energy consumption and emissions per capita among countries.
The observed decline in energy intensity inequality in the past decades has been one of the main causes of the reduction in inequalities in emissions per capita. Several studies have focused on the importance of different factors in the evolution of final energy intensity differences. However, primary energy inequalities and their evolution can be conditioned by differences in final energy intensity and differences in efficiency in transforming primary into final energy alike. The present paper contributes to the literature by illustrating the role of the differences in the internal component of the energy sector and the one of the differences in final energy intensity in the evolution of primary energy intensity inequalities through synthetic indicators.
We analyzed the evolution of energy intensity inequalities using the Theil index.
The methodology, which is developed by the authors, allows decomposing inequality into three components. One that captures the partial contribution of energy transformation indexes; one that calculates the role of final energy consumption per GDP unit; and finally an interaction factor. The methodology also permitted the decomposition of the factors by groups of countries and within the groups considered (following the IEA classification).
In line with previous studies the findings clearly reveal an important decline in cross country energy intensity inequality. For the groups of countries considered, inter-group inequality is more important than intra-group inequality (60%-40%). This shows the relevance of the grouping we made. However, inequality is not reduced in all the regions. In four of the nine regions considered inequality actually increased.
The factorial decomposition allowed to identify the unequal final energy consumption per GDP unit as the most relevant factor in cross country energy intensity inequalities. The observed reduction in final energy intensity inequality can be attributed to either a convergence in final energy consumption efficiency across countries or a greater similarity in sectoral production structures. In that respect, Duro et al. (2010) show that, for a sample of OECD countries, the reduction in final energy intensity inequalities is fundamentally due to a convergence in consumption efficiency from sector to sector and not to a greater similarity in production composition, which have become more unequal during the period of analysis. Nevertheless, this evidence cannot however be extrapolated to the rest of the regions. In fact, the present paper shows that in some regions there has been increasing divergence in final energy consumption per GDP unit.
The transformation factor has been less relevant in determining cross country energy intensity inequalities, although its role is far from being negligible. Its contribution to inter-group inequality is even more moderate. However, it is very relevant in explaining the existing differences within some of the regions considered. It represents one fourth of regional inequalities in energy intensity in some regions. Important differences still exist in the efficiency in transforming primary energy into final one. Clearly, the differences in energy conversion efficiency cannot be neglected. In some regions (e.g. Africa) such differences go up while the overall trend is downward. However, through the implementation of pertinent measures, there could still be scope to reach greater convergence toward higher efficiency level in energy transformation.
The interaction component is quite relevant, particularly with respect to within group energy intensity inequalities for some countries. However, in terms of global inequality its contribution is moderate and negative. This negative correlation suggests that inequalities in the two factors considered tend to compensate one another. Nevertheless, this behaviour changes depending on whether we consider inter-group or intra-group inequality.
